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Recommendations

Major Recommendations
ACR Appropriateness Criteria®

Clinical Condition: Induction and Adjuvant Therapy for N2 Non–Small-Cell Lung Cancer

Variant 1: 65-year-old man with a good performance status presents with cT2N1M0 non–small-cell lung cancer of the left lower lobe.
Preoperative mediastinoscopy demonstrates absence of nodal disease in stations 7, 4L, and 4R. Following lobectomy and mediastinal nodal
sampling, pathology shows a 3.5 cm-adenocarcinoma in left lower lobe and a positive left hilar and a subcarinal node (pT2N2, IIIA). Other
sampled hilar and mediastinal nodes are negative. Surgical margins are negative.

Treatment Rating Comments

Postoperative radiation therapy (PORT)
alone

3  

Adjuvant chemotherapy alone 7 Chemotherapy alone, without PORT, is acceptable because of single
lymph node involvement and no adverse features.

Rating Scale: 1,2,3 Usually not appropriate; 4,5,6 May be appropriate; 7,8,9 Usually appropriate



Adjuvant concurrent chemoradiation 3  

Adjuvant sequential chemotherapy
followed by PORT

8  

Adjuvant sequential PORT therapy
followed by chemotherapy

3  

Local Irradiation Doses

45–54 Gy/5 weeks (1.8 or 2 Gy
fraction)

8 Areas at risk for high-burden microscopic disease may receive higher
doses (54 Gy).

60–70 Gy/6–7 weeks (1.8 or 2 Gy
fraction)

3  

74 Gy/7.5 weeks (2 Gy fraction) 1  

Radiotherapy Technique

2-D radiation (AP/PA and/or off-cord
obliques)

3  

3-D conformal RT 8  

IMRT 7  

Rating Scale: 1,2,3 Usually not appropriate; 4,5,6 May be appropriate; 7,8,9 Usually appropriate

Treatment Rating Comments

Note: Abbreviations used in the tables are listed at the end of the "Major Recommendations" field.

Variant 2: 65-year-old man with a good performance status presents with low-volume cT2pN2M0 non–small-cell lung cancer of the left lower
lobe. After 4 cycles of platinum-based induction chemotherapy he has a left lower lobectomy. Pathology shows a 2.5-cm adenocarcinoma in left
lower lobe with treatment effect and 2 positive left hilar nodes (pT1N1). Other sampled hilar and mediastinal nodes are negative. Surgical margins
are negative.

Treatment Rating Comments

Postoperative radiation therapy (PORT)
alone

5  

Adjuvant chemotherapy alone 3  

Adjuvant sequential PORT therapy
followed by chemotherapy

2  

Adjuvant concurrent chemoradiation 2  

Adjuvant sequential chemotherapy
followed by PORT

2  

Local Irradiation Doses

45–54 Gy/5 weeks (1.8 or 2 Gy
fraction)

8  

60–70 Gy/6–7 weeks (1.8 or 2 Gy
fraction)

2  

Rating Scale: 1,2,3 Usually not appropriate; 4,5,6 May be appropriate; 7,8,9 Usually appropriate



74 Gy/7.5 weeks (2 Gy fraction) 1  

Radiotherapy Technique

2-D radiation (AP/PA and/or off-cord
obliques)

2  

3-D conformal RT 8  

IMRT 7  

Rating Scale: 1,2,3 Usually not appropriate; 4,5,6 May be appropriate; 7,8,9 Usually appropriate

Treatment Rating Comments

Note: Abbreviations used in the tables are listed at the end of the "Major Recommendations" field.

Variant 3: 62-year-old man with a good performance status with cT2pN2M0 non–small-cell left lung cancer. Candidate for lobectomy.

Treatment Rating Comments

Radiation therapy alone 2  

Surgery alone 2  

Concurrent chemoradiation therapy
alone

7  

Induction concurrent chemoradiation
therapy followed by surgery

7  

Induction chemotherapy, followed by
surgery with or without PORT

6  

Upfront surgery, followed by adjuvant
chemotherapy alone

3  

Upfront surgery, followed by adjuvant
sequential chemotherapy and PORT

3  

Local Irradiation Doses

45–50 Gy/5 weeks (1.8 or 2 Gy
fraction)

8 This treatment is given as a neoadjuvant and adjuvant dose.

54–60 Gy/5.5–6 weeks (1.8 or 2 Gy
fraction)

6 This treatment is given as adjuvant dose.

60–70 Gy/6–7 weeks (1.8 or 2 Gy
fraction)

8 This treatment is given as a definitive dose.

74 Gy/7.5 weeks (2 Gy fraction) 2  

Radiotherapy Technique

2-D radiation (AP/PA and/or off-cord
obliques)

2  

3-D conformal RT 8  

IMRT 7  Rating Scale: 1,2,3 Usually not appropriate; 4,5,6 May be appropriate; 7,8,9 Usually appropriate



Rating Scale: 1,2,3 Usually not appropriate; 4,5,6 May be appropriate; 7,8,9 Usually appropriateTreatment Rating Comments

Note: Abbreviations used in the tables are listed at the end of the "Major Recommendations" field.

Variant 4: 62-year-old man with a good performance status with cT2pN2M0 non–small-cell right lung cancer. Right pneumonectomy planned.

Treatment Rating Comments

Radiation therapy alone 2  

Surgery alone 2  

Concurrent chemoradiation therapy
alone

8  

Induction concurrent chemoradiation
therapy followed by surgery

4 This treatment should only be done in highly expert centers.

Induction chemotherapy, followed by
surgery with or without PORT

5  

Upfront surgery, followed by adjuvant
chemotherapy alone

3  

Upfront surgery, followed by adjuvant
sequential chemotherapy and PORT

3  

Local Irradiation Doses

45–50 Gy/5 weeks (1.8 or 2 Gy
fraction)

8 This treatment is given as a neoadjuvant dose.

54–60 Gy/5.5–6 weeks (1.8 or 2 Gy
fraction)

4 This treatment is given as a neoadjuvant dose.

60–70 Gy/6–7 weeks (1.8 or 2 Gy
fraction)

8 This treatment is given as a definitive dose.

74 Gy/7.5 weeks (2 Gy fraction) 2  

Radiotherapy Technique

2-D radiation (AP/PA and/or off-cord
obliques)

2  

3-D conformal RT 8  

IMRT 7 In a pneumonectomy setting, care should be taken to minimize low-
dose bath of remaining lung.

Rating Scale: 1,2,3 Usually not appropriate; 4,5,6 May be appropriate; 7,8,9 Usually appropriate

Note: Abbreviations used in the tables are listed at the end of the "Major Recommendations" field.

Summary of Literature Review

Introduction



Only ~20% of patients with non–small-cell lung cancer (NSCLC) present with early-stage disease (American Joint Committee on Cancer [AJCC]
clinical stage I and II), which has been traditionally treated with surgical resection alone. In patients with stage IIIA disease (~15% of patients with
NSCLC), the role of surgery is much more complicated. Stage III is a heterogeneous disease group, and several distinct subgroups of patients are
identifiable and may be classified as below. However, this classification is not reflected in the AJCC staging system.

Stage IIIA without N2 involvement, i.e., T3N1 or T4N0/1 (IIIA-0)
Incidental pN2 metastasis, found either intra-operatively in a single station (IIIA-1) or in the final pathological examination of the surgical
specimen (IIIA-2)
Clinical N2 node(s) involvement documented by computed tomography (CT) or/and positron emission tomography/computed tomography
(PET/CT) imaging (IIIA-3): single station or multistation N2 disease
Bulky cN2 disease (IIIA-4), often defined as N2 nodes ≥2 cm
Stage IIIB due to N3

The greater the mediastinal nodal involvement, the worse is the outcome with surgery alone. In a French series, the 5-year overall survival (OS)
rates following primary surgery for microscopic single-station, microscopic multiple-station, macroscopic single-station, and macroscopic multiple-
station mediastinal N2 involvement were 34%, 11%, 8%, and 3%, respectively. These data highlight the heterogeneity of stage III disease and the
poor long-term survival for patients with macroscopic or multistation N2 involvement. Patients with stage III disease are at higher risk for occult
metastatic disease and local disease progression, and treatment paradigms must include therapies that provide both local and distant disease
control.

In some clinical trials, patients from different subgroups are included, the definitions of "unresectable" or "marginally resectable" are vague or
absent, and methods of documentation of N2 status (radiographic versus pathologic) have varied. In trials that include surgical resection, patients
undergoing surgery (those with stable disease or those with responding tumors), and in the definition of a complete resection (removal of gross
disease versus complete resection with negative microscopic margins) has varied. The definition of "bulky" N2 disease has also varied. In the more
recent trials, it has often been used to describe multiple nodes and/or nodes that measure >2–3 cm. Finally, in some of the surgical trials, resection
and survival rates were stated only for those patients undergoing thoracotomy and did not include patients who received preoperative treatment
and were unable to undergo surgery. The clinical criteria for enrollment (e.g., pulmonary function, performance status, and the presence and degree
of weight loss) have varied within trials as well. The heterogeneity of the patient population and different treatment approaches has also been
compounded by the small size of many of the trials.

Here, the authors will evaluate the roles of surgery, radiation therapy (RT), and chemotherapy in the setting of surgically resectable N2 disease in
NSCLC. In patients who are not surgical candidates, the roles of induction and adjuvant chemotherapy with regard to chemoradiation as the
primary treatment modality will be reviewed elsewhere.

Upfront Surgery

The general argument in favor of surgery is based on the assumption that surgery results in better local control of primary disease than conventional
RT. Although this may be true for early stage NSCLC, it is unproven for patients with N2 disease. As discussed above, there are uncertainties
about the total population from which the surgical patients were drawn compared to the RT population with regard to smaller primary tumors,
better performance status, less pretreatment weight loss, etc. Also, most studies in the literature have used postoperative RT (PORT) when
indicated in selected patients, which further complicates the interpretation of the role of surgery. The collective 5-year survival rates for surgery
alone in stage III (N2) disease are typically reported to be in the range of 14% to 30%, but these are usually highly selected patients often with
incidental, microscopic N2 disease discovered at the time of resection. Despite negative preoperative staging, including mediastinoscopy,
approximately one-fourth of patients felt to be cT1-3N0-1 may have occult N2 disease. The increased use of fluorine-18-2-fluoro-2-deoxy-D-
glucose positron emission tomography (FDG-PET) scanning has improved preoperative staging. FDG-PET compared to CT is more sensitive and
specific at mediastinal nodal staging, and more sensitive in the detection of distant metastatic disease. Several factors predict a poor prognosis:
preoperatively identified N2 disease, multiple involved lymph nodes or sites, bulky extracapsular disease, T3 tumors, and nonsquamous histology.
The benefit of surgery in these patients is not defined. Preoperative staging that identifies these features suggests a marginally resectable situation.
Surgery as upfront treatment should no longer be considered a standard option for most patients with known pathologic N2 disease. This extends
even to patients with single-station aortopulmonary window nodal involvement (station 5), who have long been considered candidates for upfront
surgery, as their prognosis is no better than other N2 patients.

Adjuvant (Postoperative) Chemotherapy

Adjuvant chemotherapy is the standard of care in patients with completely resected stage II and III NSCLC based on multiple randomized phase
III trials and meta-analyses (see Variant 1, above). Generally, the absolute OS benefit with chemotherapy at 5 years has been ~4% to 15% with
the most recent meta-analyses showing a 4% to 5% benefit across all stages. This includes stage IIIA patients for whom the 5-year absolute



survival benefit was also only 5% (95% confidence interval [CI], 3%–8%). Therefore, for incidental pN2 disease (IIIA-1, -2), adjuvant cisplatin-
based chemotherapy is the standard of care, whereas the management of preoperatively identified N2 disease (IIIA-3) is more controversial. In
pN2 patients, even after complete resection and adjuvant chemotherapy, the risk of locoregional relapse is still in the order of 20% to 40%,
highlighting the need for additional therapy to improve locoregional control.

Postoperative Radiation Therapy

Despite evidence of improved local control from phase II and III trials of PORT compared to surgery alone, no consistent OS benefit has been
documented for patients with stage IIIA disease. A phase III trial of PORT conducted by the Lung Cancer Study Group (LCSG) restricted to
squamous histology showed a significant reduction in local recurrences (and disease-free survival rate benefit for N2 patients) but no OS benefit.
The so-called PORT meta-analysis, which compared PORT to observation, revealed improved local control without an improvement in OS for
patients with stage III disease. This meta-analysis included many older studies that used antiquated radiation and staging techniques, which may
have impacted the results. The role of PORT in N2 patients was not clarified by this study.

In a retrospective single-institution study of 173 postoperatively irradiated patients, locoregional control for stage IIIA was 85%, and the 5-year
actuarial survival rate was 20%. In a regression-tree analysis of recurrence risks, patients with N2 nodes who underwent gross resection were at a
high risk for local recurrence and were thought to be likely to benefit from PORT. In 1997, the Canadian Lung Cancer Disease Site Group
(CLCDSG) published a practice guideline for PORT for stage IIIA NSCLC, stating that the evidence available suggests PORT reduces the local
recurrence rate by 18% in completely resected stage IIIA NSCLC. For this reason, the CLCDSG recommended PORT but also concluded that
there was no evidence of a survival benefit from PORT alone. The survival benefit from PORT, if it exists, is likely small, estimated to be in the
order of 5% to 10%.

This issue has been further analyzed in the Surveillance, Epidemiology and End Results (SEER) database among patients who underwent either
observation or PORT. After excluding patients who survived <4 months to account for perioperative mortality, 7,465 patients were identified, with
a median follow-up time of 3.5 years for patients still alive. For the whole group, PORT did not have a significant impact on survival. For patients
with N2 nodal disease, there was a significant increase in survival (hazard ratio [HR] 0.855; P=0.0077). However, there was a significant decrease
in survival for patients with N0 (HR 1.176; P=0.0435) and N1 (HR 1.097; P=0.0196) nodal disease. Similarly, a subset analysis of the Adjuvant
Navelbine International Trialist Association (ANITA) study demonstrated that the use of PORT was associated with improved 5-year survival in
pN2 patients, both in the adjuvant chemotherapy arms (47.4% versus 34%) and in the observation arms (21.3% versus 16.6%). In the
chemotherapy arms, PORT decreased crude local failure from 18.6% to 6.3%. Of note, in this study, the use of PORT was not randomly assigned
but rather decided by each institution.

An ongoing multicenter randomized study in Europe, the Lung Adjuvant Radiotherapy Trial (LungART), randomizes completely resected pN2
patients, with or without adjuvant chemotherapy, to PORT versus observation. In the meantime, the relative benefits versus risks of PORT (after
completion of chemotherapy) in resected pN2 patients should be discussed with patients.

PORT in NSCLC patients with pN0/1 disease can lead to worse outcomes. However, especially in patients with pN1 disease, actuarial rates of
locoregional failure as high as ~40% have been reported in retrospective analyses, suggesting that the use of highly conformal PORT at least in
subsets of pN1 patients may need to be explored.

PORT Toxicity, Fields, and Dose

The 1995 PORT meta-analysis has been criticized for old, suboptimal radiation techniques leading to morbidity and mortality. For example, many

studies used Co60 radiation, and treatment fields were typically large to include the entire mediastinum and sometimes supraclavicular areas (i.e.,
elective nodal irradiation [ENI]). PORT in the more modern era of 1988–2000 was also associated with worse outcome in pN0/1 patients in a
SEER analysis. It is likely that treatment toxicity can be reduced further by the use of CT-based conformal planning techniques and incorporation
of the likely patterns of locoregional failure. Likely sites of failure include the bronchial stump, ipsilateral hilum, and ipsilateral mediastinum. In the
European LungART trial for pN2 patients, PORT targets the following mediastinal stations: irrespective of nodal involvement, PORT always
targets ipsilateral paratracheal nodal (4R or 4L) and subcarinal (7) stations as well as prevascular and aortopulmonary stations (5,6) for left lung
tumors; all lymph nodes that lie between 2 involved nodal stations; and one additional station superior and inferior to the most superiorly and
inferiorly involved stations, respectively. Further study is required to define the optimum size of PORT fields and balancing the inclusion of all
possible microscopic disease spread against toxicity associated with large volume irradiation.

The optimal dose of PORT in NSCLC is unclear. A range of radiation doses are acceptable for the treatment of microscopic tumor, with doses of
45 to 50 Gy perhaps most commonly employed. Higher doses of 54–60 Gy may be considered for areas suspected to contain a large volume of
microscopic disease or positive margins. Highly conformal techniques and a shrinking field technique may be needed to minimize toxicity. The
tolerance of the bronchial stump to doses of >50–54 Gy is not established. The use of fraction sizes of >1.8–2.0 Gy should be avoided. The utility



of intensity-modulated radiation therapy (IMRT) or protons to potentially further reduce normal tissue toxicity remains to be explored.

PORT is generally administered in a sequential fashion following completion of adjuvant chemotherapy. The occasional presence of positive
resection margins may dictate the use of PORT earlier after surgery (i.e., concurrently with chemotherapy). However, the toxicity of concurrent
chemoradiotherapy compared to sequential chemotherapy and radiation has to be considered, and thus selection of therapy needs to be highly
individualized.

Homogeneity Correction

Tissue heterogeneity in the vicinity of the lung has implications on the accuracy of the dose distributions for postoperative as well as preoperative
and definitive thoracic radiation therapy. Dose that would have normally been deposited in the tumor is carried away into the surrounding lung
tissue, resulting in potential underdosage of the tumor. The literature is replete with articles demonstrating the need for accurate, "heterogeneity-
corrected," dose algorithms in lung cancer planning. Consequently, the Radiation Therapy Oncology Group® (RTOG®) has adopted the
requirement that algorithms employing heterogeneity corrections be used for treatment planning for both early and locally advanced stage lung
cancer. To mitigate inaccuracies with dose calculations, it is strongly recommended that algorithms employing accurate heterogeneity correction
techniques be utilized for lung cancer treatment planning. Pencil-beam-type algorithms should be avoided.

Surgery after Induction Chemotherapy

Numerous phase I/II and retrospective studies have addressed the use of induction chemotherapy before surgery in patients with stage IIIA/B
disease. These studies established the safety of performing surgery after induction chemotherapy. In a few of these studies PORT was given to
some patients, and some lower stage patients were also included. Response rates to induction chemotherapy were 40% to 74%, however with
only a few complete responders. Good responses correlated with favorable outcomes. Median survival times ranged from 15 to 33 months, and
long-term survival rates were 15% to 40%. In responding patients, median survival times were in the 26-month range, and long-term survival rates
were as high as 55%.

The existing phase III randomized data for induction chemotherapy are contradictory; patients with stage I-III disease were enrolled, and a variety
of chemotherapy combinations have been investigated. A French study randomized 355 resectable stage I (except T1N0), II, and IIIA patients to
either preoperative chemotherapy (cisplatin, mitomycin, and ifosfamide for 2 cycles; 2 additional cycles were assigned postoperatively for
responders) or surgery alone. PORT was given to patients with pT3 or pN2 disease (see Variant 2, above). A statistically significant difference in
OS was not observed. On the other hand, in a reported randomized study, 60 patients were randomized to similar preoperative chemotherapy
with cisplatin, ifosfamide, and mitomycin, given for 3 cycles every 3 weeks preoperatively, or to surgery alone. Median survival time was 26
months in the chemotherapy group compared to 8 months in the surgery-alone group (P<0.001). Similarly, in another reported study, patients
were randomized to 6 cycles of perioperative cisplatin, etoposide, and cyclophosphamide or to surgery alone. The median survival time in the
chemotherapy arm was 64 months compared to 11 months in the surgery alone arm (P<0.008). These 2 trials have been much discussed, and the
results have been somewhat controversial because they were strongly positive, favoring neoadjuvant chemotherapy, and because of the small
number of patients (n=60) in both trials. Additionally, N2 involvement was not required, and mediastinoscopy was not mandated if the
mediastinum was negative by CT. In the surgery-only arm of the second trial, 40% of participants had stage IIIB disease, leading to speculation
that an imbalance in the stage distribution between the 2 arms was skewed in favor of the chemotherapy arm. In contrast, the first trial had
unexpectedly low survival rates (0% at 3 years) in the surgery-alone arm, even though 37% had only N0 or N1 disease. Other factors, such as
potential imbalances in one or several prognostic factors between study arms for the 2 trials, may also explain the observed differences.

In the S9900 trial, patients with stage IB-IIIA lung cancer were randomized to induction therapy with carboplatin/paclitaxel followed by surgery or
to surgery alone. A statistically significantly difference in progression-free survival rates (PFS) or OS was not observed. The European
Organisation for Research and Treatment of Cancer (EORTC) 08012 trial is the largest neoadjuvant trial of 519 patients with clinical stage IA-
IIIA disease who were randomized to either neoadjuvant platinum-based chemotherapy or surgery alone. Results did not reveal a benefit in PFS
or OS, and neoadjuvant chemotherapy did not change the type of surgery performed. In the Ch.E.S.T. study cisplatin with gemcitabine was
chosen as induction chemotherapy. The 3-year PFS rates were 48% in the surgery-alone arm and 53% in the induction chemotherapy arms
(P=0.11). The common result in these studies has been the inability to demonstrate a robust and significant improvement in survival with the
addition of neoadjuvant chemotherapy to surgery alone. Several studies have had to close prematurely with incomplete accrual. Concurrent with
the conduct of these studies, the positive results of adjuvant chemotherapy trials were announced. Hence it was no longer accepted to randomize
patients to a surgery-alone arm, leading to early closure of neoadjuvant studies. One research group's meta-analyses on 25 trials published
between 1986 and 2004 showed that the 6 neoadjuvant trials demonstrated a HR of 0.66 (95% CI, 0.48–0.93) in favor of addition of induction
chemotherapy. Another meta-analysis included 7 randomized neoadjuvant clinical trials, which resulted in a HR of 0.82 (95% CI, 0.69–0.97)
again in favor of neoadjuvant chemotherapy. Patients enrolled in neoadjuvant studies are frequently clinically staged, whereas patients enrolled in
adjuvant trials are pathologically staged, which makes comparisons between the 2 trials difficult. The current clinical question is whether
neoadjuvant therapy offers any advantages over adjuvant therapy. At this time, induction therapy with chemotherapy alone for stage IIIA disease



should be considered investigational.

The EORTC 08941 study compared radical surgery versus 3 cycles of platinum-based induction chemotherapy followed by RT in selected
patients with stage IIIA(N2) NSCLC. Only responding patients were randomized between radical resection with lymph node dissection and
optional PORT versus thoracic RT (at least 40 Gy in 2 Gy daily fractions to the mediastinum with a boost to at least 60 Gy). Three hundred thirty-
three patients were randomized. One hundred fifty-four patients actually had surgery, and 155 had radiation. Operative mortality was 4%, and
39% received PORT. With a median follow-up of 72 months, median survival times and 5-year OS rates for patients randomized to surgery
compared to RT were 16.4 months versus 17.5 months and 16% versus 13%, respectively (HR: 0.95, 95% CI, 0.75–1.19). Median survival
times and 2-year PFS rates for patients randomized to surgery and radiation were 9.0 months versus 11.4 months and 27% versus 24%,
respectively (P=0.6). In conclusion, even in patients with a response to induction chemotherapy surgery does not improve either OS nor PFS
compared to thoracic RT in stage IIIA(N2) patients.

There exist limited prospective data on comparing induction chemotherapy alone (with/without PORT) versus induction concurrent chemotherapy
and radiation. A German phase III study of stage III NSCLC randomized 558 patients to preoperative cisplatin/etoposide for 3 cycles followed
by concurrent twice-a-day RT (45 Gy at 1.5 Gy per fraction) with carboplatin and vindesine or to preoperative cisplatin/etoposide followed by
PORT to 54 Gy. Only 54% and 59% of patients underwent surgery following induction chemotherapy and chemoradiation therapy, respectively.
The addition of chemoradiation increased mediastinal downstaging and pathological response rates compared to induction chemotherapy alone but
did not significantly improve PFS (5-year rates of 30% versus 25%) or OS (39% versus 31%) in those patients who underwent resection. The
surgical mortality rate doubled with the addition of chemoradiation, especially in pneumonectomy patients. The rates of complete pathological
response in the mediastinum were not reported. However, the rate of clinical complete response was only 5% in the radiation arm.

This study does not adequately address the question of induction chemotherapy versus induction chemoradiation or whether radiation should be
used preoperatively or postoperatively in stage IIIA(N2) patients. First, the use of induction chemotherapy prior to chemoradiation may not
improve outcomes. Second, the study enrolled a large fraction of advanced IIIB (T4 or N3) patients, which comprised approximately two-thirds
of all patients. These patients are rarely considered for trimodality therapy in the United States. In a subset analysis of 125 N2 patients from this
trial, 3-year OS for patients on the induction chemoradiation arm compared to the induction chemotherapy alone arm was 31% versus 18%,
respectively (P=0.21).

The therapeutic benefits of PORT in cN2 patients undergoing induction chemotherapy and surgery have not been well studied in prospective trials.
In a retrospective 2-center experience of 153 patients with N2 disease who did not receive PORT, there was a high incidence of locoregional
failure, particularly in patients with pN1 disease (5-year local failure rate of 62%). There is also a paucity of adequate level 1 evidence data
comparing preoperative radiation to PORT for stage IIIA(N2) patients who are similarly staged. Retrospective data showing superior survival for
preoperative radiation are subject to selection bias.

Surgery after Induction Concurrent Chemotherapy and Radiation

The survival benefit of reducing distant failure by adding chemotherapy to RT as demonstrated in randomized phase III trials for inoperable
NSCLC stimulated interest in preoperative treatment with RT and chemotherapy instead of either RT or chemotherapy alone. The objectives of
these trials were to use RT to shrink the primary tumor and nodal disease, use the chemotherapy to provide radiosensitization and sterilize distant
micrometastases, and perform surgery to optimize the outcome by removal of residual tumor and enhance local control.

Phase II studies demonstrated the feasibility of induction chemoradiation and demonstrated promising OS results. The phase III Intergroup 0139
(RTOG® 93-09) study was designed to address the role of surgery in combined-modality therapy. (See Variant 3, above.) Patients with T1-
3pN2M0 tumors were eligible if the resection was technically feasible at registration. On pretreatment mediastinoscopy, the majority of patients
had only one nodal station involved (76%), whereas 22% of patients had 2 to 3 positive stations. A total of 429 randomized patients received
induction with cisplatin and etoposide for 2 cycles and daily RT to 45 Gy starting on day 1. Patients on arm 1 then had a resection if there was no
progression, followed by 2 more chemotherapy cycles. Subjects on arm 2 had uninterrupted RT to 61.2 Gy with 2 more cycles of chemotherapy.
With a median follow-up time of 69.3 months and 396 analyzable patients, the trial did not meet its primary endpoint of 10% absolute survival
improvement in the surgical arm. For arms 1 and 2, the median survival times and 5-year OS rates were 23.6 versus 22.2 months and 27% versus
20%, respectively (P=0.24). PFS rates were superior in the trimodality arm, 22% versus 11% at 5 years (P=0.017), respectively. When analyzing
the site of first relapse, there were fewer local failures in arm 1 compared to arm 2, 10% versus 22%, respectively. In the trimodality arm, patients
with mediastinal sterilization (pN0) experienced improved 5-year OS of 41%, whereas survival in patients with residual nodal disease (pN1/2) was
24%.

Importantly, in the Intergroup 0139 trial, the OS curves crossed at about 1 year of follow-up, owing to a high surgical mortality of 26% (14/54) in
patients undergoing pneumonectomy (comprising approximately one-third of all resections) primarily due to respiratory causes, which the authors
suggested offset any survival gain achieved with surgery. In an unplanned subset analysis of lobectomy-only patients, the surgical group was



compared to a matched control group, revealing a statistically significantly improved 5-year OS rate of 36% versus 18% (P=0.002). The authors
noted that a prospective trial is unlikely to be completed to validate the hypothesis that a trimodality approach with lobectomy is better than
nonsurgical therapy (based on 2-dimensional [2-D] planned radiation to 61.2 Gy). Various interpretations of this trial are possible, ranging from
considering nonsurgical therapy as the standard in stage IIIA(N2) patients to selecting patients for lobectomy following induction therapy,
particularly at experienced centers. Furthermore, the use of pneumonectomy in the trimodality setting remains controversial. Institutional reports
from large academic centers suggest that induction with chemotherapy and radiation does not necessarily increase mortality rates associated with
pneumonectomy in carefully selected patients (see Variant 4, above).

Preoperative Radiation Dose and Toxicity

Preoperative RT doses have historically been limited to 45 Gy, primarily due to concerns of excess postoperative morbidity and mortality. In the
Intergroup 0139 trial, grade 3–4 esophagitis and pulmonary complications in the trimodality arm using 45 Gy versus the nonsurgical arm were 10%
versus 23% and 9% versus 14%, respectively. A higher incidence of grade 5 events in the trimodality arm was thought to be mainly driven by the
pneumonectomy cases as discussed above. Of note, radiation planning involved historical 2-D planning and large fields by modern standards
(including ENI). There was mediastinal nodal clearance (pN0) in 47% of patients, which was associated with improved OS. There have been
multiple institutional attempts to increase the preoperative dose, ranging from 54 Gy to 60 Gy, in an attempt to increase nodal complete response
rates and improve locoregional control and, ultimately, survival. These retrospective data illustrate the potential benefit of the approach but also the
possibility of increased morbidity and mortality when radiation is intensified.

Subsequently, the RTOG® designed a phase II study of preoperative RT to a total dose of 61.2 Gy at 1.8 Gy per fraction with concurrent weekly
carboplatin and paclitaxel in stage III NSCLC followed by lobectomy or pneumonectomy with complete nodal dissection followed by
consolidation chemotherapy (RTOG® 0229). In order to limit toxicity, the trial required certification of surgical excellence. The frequency of grade
3–5 pulmonary side effects associated with chemoradiation was 24.5%, whereas the incidence of grade 3 postoperative pulmonary complications
was 14%, and there was one 30-day death after pneumonectomy. The rate of mediastinal nodal sterilization (pN0) was 63%. Two-year OS for
patients with or without nodal sterilization were 75% and 52%, respectively (P=0.002). This study demonstrated that surgical resection can be
performed safely after full-dose radiation with concurrent chemotherapy and can support the concept that intensification of preoperative therapy
can improve mediastinal sterilization rates and potentially survival outcomes.

Similar to the technology considerations for PORT, the use of IMRT or proton beam therapy has the potential to further reduce toxicity in a
trimodality setting, but little published data exist to date in support of this concept. Of note, RTOG® 0839, which is a trial of induction high-dose
RT with chemotherapy and epidermal growth factor receptor (EGFR)-directed therapy, does allow IMRT usage while proton beam radiation is
being tested in prospective clinical trials.

Integration of Molecular Targeted Agents

There is increasing evidence for the presence of targetable driver mutations in both lung adenocarcinoma and squamous cell carcinoma. To date,
most clinical trials with molecular targeted agents have been conducted in stage IV disease, but their utility in earlier stage patients is being studied.
Institutional experiences suggest that such mutations can also be found at clinically meaningful frequencies in nonmetastatic patients. In a multicenter
phase II study of 36 patients with resected stage I-IIIA NSCLC harboring mutations in the EGFR treated with adjuvant erlotinib, disease-free
survival at 2 years was 94%. However, in the Canadian BR.19 trial of postoperative gefitinib versus placebo in resected stage I-IIIA NSCLC,
there was inferior survival with the use of EGFR inhibitor (HR 1.23, P=0.136). The benefit, if any, of gefitinib in the EGFR mutant subset is as of
yet unclear. The use of targeted therapies as neoadjuvant or adjuvant therapy for patients with stage IIIA disease should be considered
investigational.

Conclusions

The optimal treatment of stage IIIA(N2) NSCLC patients remains controversial with limited level I evidence to guide patient selection for
preoperative, postoperative, or definitive RT. Interpretation of literature data is complicated by inconsistent diagnostic procedures for N2 disease
(pretreatment pathological confirmation versus imaging studies only), heterogeneity of N2 disease (ranging from single-station microscopic tumor to
bulky, multistation disease), and pooled analysis of N2 patients with other stage III patients.

The patients with the best results after surgery are those with no evidence of mediastinal disease on preoperative studies, including
mediastinoscopy, who are found to have incidental N2 involvement at time of resection or in the final pathological report (IIIA-1,-2; see
Introduction, above). In surgically resected patients such as these, adjuvant cisplatin-based chemotherapy is the standard of care and improves
OS. PORT remains a reasonable treatment option, but it is unknown whether it improves OS. PORT is the subject of an ongoing randomized
phase III study in Europe. In the interim, the pros and cons of PORT (after completion of chemotherapy) should be discussed with these patients.

Options for patients presenting with clinical, nonbulky N2 disease (IIIA-3) diagnosed preoperatively include 1) definitive chemoradiation +/-



adjuvant chemotherapy; 2) induction chemoradiation followed by surgery +/- adjuvant chemotherapy; and 3) induction chemotherapy followed by
surgery +/- PORT. Based on the overall negative results of the Intergroup 0139 trial, level 1 evidence exists for the approach of chemoradiation
alone. However, for selected patients and in expert hands, trimodality therapy, especially if restricted to lobectomy, remains a reasonable option.
Further research is needed to define the best treatment approach based on the number and bulk of involved nodal stations and the presence of
microscopic versus gross disease on preoperative studies. Induction chemoradiation is associated with better downstaging than induction
chemotherapy, but whether this translates into improved survival remains to be established. Patients considered surgically unresectable (IIIA-4,
IIIB[N3]) or medically inoperable should be treated with concurrent chemotherapy and RT.

Historically, neoadjuvant RT or PORT has employed large fields and 2-D planning techniques, which are potentially associated with poor
outcomes. This limits the interpretation of the results of older randomized trials. Commonly employed modern 3-dimensional (3-D) conformal RT
techniques that avoid large volume ENI will need to be tested in prospective trials. IMRT and particle therapy such as protons have the potential to
further reduce toxicity and thus have potential to translate improved locoregional control into true survival gains.

Summary

PORT with a dose of 45 to 54 Gy is an appropriate therapy following completion of adjuvant chemotherapy in patients with incidental pN2
disease (IIIA-1, -2).
The therapeutic benefits of PORT in patients undergoing induction chemotherapy and surgery for clinical N2 disease remain to be fully
defined.
In patients with clinical N2 disease (IIIA-3) who are potential candidates for a lobectomy, both definitive concurrent chemotherapy and
radiation therapy (60–70 Gy) and induction concurrent chemotherapy and radiation therapy (45–50 Gy) are usually appropriate treatment
options while induction chemotherapy alone followed by surgery +/- PORT may also be appropriate.
In patients with clinical N2 disease (IIIA-3) who would require a pneumonectomy, definitive concurrent chemotherapy and radiation
therapy (60–70 Gy) is most appropriate, whereas induction chemotherapy and radiation therapy may be appropriate in expert hands.
For postoperative, preoperative, and definitive radiation therapy, 3-D conformal techniques and IMRT are most appropriate.

Abbreviations

2-D, 2-dimensional
3-D, 3-dimensional
AP/PA, anterior-posterior/posterior-anterior
IMRT, intensity-modulated radiation therapy
PORT, postoperative radiation therapy
RT, radiation therapy

Clinical Algorithm(s)
Algorithms were not developed from criteria guidelines.

Scope

Disease/Condition(s)
N2 non–small-cell lung cancer

Guideline Category
Treatment

Clinical Specialty
Oncology



Pulmonary Medicine

Radiation Oncology

Radiology

Thoracic Surgery

Intended Users
Health Plans

Hospitals

Managed Care Organizations

Physicians

Utilization Management

Guideline Objective(s)
To evaluate the appropriateness of induction and adjuvant therapy for patients with N2 non–small-cell lung cancer

Target Population
Patients with N2 non–small-cell lung cancer

Interventions and Practices Considered
1. Postoperative radiation therapy (PORT) alone
2. Adjuvant chemotherapy alone
3. Adjuvant concurrent chemoradiation
4. Adjuvant sequential chemotherapy followed by PORT
5. Adjuvant sequential PORT therapy followed by chemotherapy
6. Radiation therapy alone
7. Surgery alone
8. Concurrent chemoradiation therapy alone
9. Induction concurrent chemoradiation therapy followed by surgery

10. Induction chemotherapy, followed by surgery with or without PORT
11. Upfront surgery followed by adjuvant chemotherapy alone
12. Upfront surgery followed by adjuvant sequential chemotherapy and PORT
13. Local irradiation doses
14. Radiotherapy technique

2-dimensional radiation (anteroposterior/posterior-anterior [AP/PA] and/or off-cord obliques)
3-dimensional conformal radiation therapy
Intensity-modulated radiation therapy (IMRT)

Major Outcomes Considered
Short-term, long-term, progression-free, and recurrence-free survival rates
Response rates (complete and partial) to induction chemotherapy
Median survival time
Operative morbidity and mortality rate



Methodology

Methods Used to Collect/Select the Evidence
Searches of Electronic Databases

Description of Methods Used to Collect/Select the Evidence
Literature Search Procedure

Staff will search in PubMed only for peer reviewed medical literature for routine searches. Any article or guideline may be used by the author in the
narrative but those materials may have been identified outside of the routine literature search process.

The Medline literature search is based on keywords provided by the topic author. The two general classes of keywords are those related to the
condition (e.g., ankle pain, fever) and those that describe the diagnostic or therapeutic intervention of interest (e.g., mammography, MRI).

The search terms and parameters are manipulated to produce the most relevant, current evidence to address the American College of Radiology
Appropriateness Criteria (ACR AC) topic being reviewed or developed. Combining the clinical conditions and diagnostic modalities or therapeutic
procedures narrows the search to be relevant to the topic. Exploding the term "diagnostic imaging" captures relevant results for diagnostic topics.

The following criteria/limits are used in the searches.

1. Articles that have abstracts available and are concerned with humans.
2. Restrict the search to the year prior to the last topic update or in some cases the author of the topic may specify which year range to use in

the search. For new topics, the year range is restricted to the last 10 years unless the topic author provides other instructions.
3. May restrict the search to Adults only or Pediatrics only.
4. Articles consisting of only summaries or case reports are often excluded from final results.

The search strategy may be revised to improve the output as needed.

Number of Source Documents
The total number of source documents identified as the result of the literature search is not known.

Methods Used to Assess the Quality and Strength of the Evidence
Weighting According to a Rating Scheme (Scheme Given)

Rating Scheme for the Strength of the Evidence
Strength of Evidence Key

Category 1 - The conclusions of the study are valid and strongly supported by study design, analysis and results.

Category 2 - The conclusions of the study are likely valid, but study design does not permit certainty.

Category 3 - The conclusions of the study may be valid but the evidence supporting the conclusions is inconclusive or equivocal.

Category 4 - The conclusions of the study may not be valid because the evidence may not be reliable given the study design or analysis.

Methods Used to Analyze the Evidence
Review of Published Meta-Analyses



Systematic Review with Evidence Tables

Description of the Methods Used to Analyze the Evidence
The topic author drafts or revises the narrative text summarizing the evidence found in the literature. American College of Radiology (ACR) staff
draft an evidence table based on the analysis of the selected literature. These tables rate the strength of the evidence (study quality) for each article
included in the narrative text.

The expert panel reviews the narrative text, evidence table, and the supporting literature for each of the topic-variant combinations and assigns an
appropriateness rating for each procedure listed in the table. Each individual panel member assigns a rating based on his/her interpretation of the
available evidence.

More information about the evidence table development process can be found in the ACR Appropriateness Criteria® Evidence Table
Development document (see the "Availability of Companion Documents" field).

Methods Used to Formulate the Recommendations
Expert Consensus (Delphi)

Description of Methods Used to Formulate the Recommendations
Rating Appropriateness

The appropriateness ratings for each of the procedures included in the Appropriateness Criteria topics are determined using a modified Delphi
methodology. A series of surveys are conducted to elicit each panelist's expert interpretation of the evidence, based on the available data,
regarding the appropriateness of an imaging or therapeutic procedure for a specific clinical scenario. American College of Radiology (ACR) staff
distribute surveys to the panelists along with the evidence table and narrative. Each panelist interprets the available evidence and rates each
procedure. The surveys are completed by panelists without consulting other panelists. The appropriateness rating scale is an ordinal scale that uses
integers from 1 to 9 grouped into three categories: 1, 2, or 3 are in the category "usually not appropriate"; 4, 5, or 6 are in the category "may be
appropriate"; and 7, 8, or 9 are in the category "usually appropriate." Each panel member assigns one rating for each procedure for a clinical
scenario. The ratings assigned by each panel member are presented in a table displaying the frequency distribution of the ratings without identifying
which members provided any particular rating.

If consensus is reached, the median rating is assigned as the panel's final recommendation/rating. Consensus is defined as eighty percent (80%)
agreement within a rating category. A maximum of three rounds may be conducted to reach consensus. Consensus among the panel members must
be achieved to determine the final rating for each procedure.

If consensus is not reached, the panel is convened by conference call. The strengths and weaknesses of each imaging procedure that has not
reached consensus are discussed and a final rating is proposed. If the panelists on the call agree, the rating is proposed as the panel's consensus.
The document is circulated to all the panelists to make the final determination. If consensus cannot be reached on the call or when the document is
circulated, "No consensus" appears in the rating column and the reasons for this decision are added to the comment sections.

This modified Delphi method enables each panelist to express individual interpretations of the evidence and his or her expert opinion without
excessive influence from fellow panelists in a simple, standardized and economical process. A more detailed explanation of the complete process
can be found in additional methodology documents found on the ACR Web site  (see also the "Availability of Companion
Documents" field).

Rating Scheme for the Strength of the Recommendations
Not applicable

Cost Analysis

/Home/Disclaimer?id=47694&contentType=summary&redirect=http://www.acr.org/ac


A formal cost analysis was not performed and published cost analyses were not reviewed.

Method of Guideline Validation
Internal Peer Review

Description of Method of Guideline Validation
Criteria developed by the Expert Panels are reviewed by the American College of Radiology (ACR) Committee on Appropriateness Criteria.

Evidence Supporting the Recommendations

Type of Evidence Supporting the Recommendations
The recommendations are based on analysis of the current literature and expert panel consensus.

Benefits/Harms of Implementing the Guideline Recommendations

Potential Benefits
Selection of appropriate induction and adjuvant therapy for N2 non–small-cell lung cancer

Potential Harms
Treatment-related morbidity (including pulmonary complications) and mortality

Qualifying Statements

Qualifying Statements
The American College of Radiology (ACR) Committee on Appropriateness Criteria and its expert panels have developed criteria for determining
appropriate imaging examinations for diagnosis and treatment of specified medical condition(s). These criteria are intended to guide radiologists,
radiation oncologists, and referring physicians in making decisions regarding radiologic imaging and treatment. Generally, the complexity and
severity of a patient's clinical condition should dictate the selection of appropriate imaging procedures or treatments. Only those examinations
generally used for evaluation of the patient's condition are ranked. Other imaging studies necessary to evaluate other co-existent diseases or other
medical consequences of this condition are not considered in this document. The availability of equipment or personnel may influence the selection
of appropriate imaging procedures or treatments. Imaging techniques classified as investigational by the U.S. Food and Drug Administration (FDA)
have not been considered in developing these criteria; however, study of new equipment and applications should be encouraged. The ultimate
decision regarding the appropriateness of any specific radiologic examination or treatment must be made by the referring physician and radiologist
in light of all the circumstances presented in an individual examination.

Implementation of the Guideline

Description of Implementation Strategy



An implementation strategy was not provided.
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